A cysteine desulfhydrase was purified 110-fold from the green alga Chlorella using conven tional techniques. The isolated cysteine desulfhydrase was specific for D-cysteine having no activity towards L-cysteine. D -and L-cysteine desulfhydrase activities can be separated using DEAE-cellulose chromatography techniques. The isoelectric point o f this enzyme was deter mined to be around a pH o f 4.5 using a chromatofocussing column. The pH -optim um for the D-cysteine desulfhydrase was found to be in the range o f 8.5 to 9 and the apparent for D-cysteine was determined to 0.16 m M . The enzyme was active without addition o f metal ions and EDTA or citric acid did not inhibit this activity.
Introduction
The green alga Chlorella fusca will grow on differ ent sulfur sources, including D-and L-cysteine [1] . This initiated a search for enzymes metabolizing D-cysteine. The possibilities for cysteine degrada tion are analyzed using Chlorella-QXtracts and the properties of a purified cysteine desulfhydrase specific for D-cysteine are described.
Materials and M ethods

Organism
Chlorella fusca strain 211-8 b (formerly Chlorella pyrenoidosa strain 211-8 b) o f the algal collection of the University of Göttingen was cultured as pre viously described [2] .
Enzyme preparation
200 g of Chlorella cells (wet weight) were broken in 50 g batches in a french-press at 12000 PSI in a buffer system containing 0.1 m Tris-HCl pH 8.0 and 10 mM m ercaptoethanol. The crude extract was frozen over night, thawed and cleared by centrifuga tion. To the supernatant Polymin P was added (20 |il of a tenfold diluted Polymin P solution to one ml of crude extract) and the precipitated m aterial was discharged. Solid am m onium sulfate was added to the supernatant and the precipitate between 35% and 80% saturation was collected by centrifugation Fig. 1) were pooled and concentrated to 20 ml using an Aminco diaflow system with a 10000 cut off filter. This m aterial was placed on a DEAEcellulose column ( 2 x 8 cm) equilibrated with 0.02 m Tris-HCl pH 8. The column was developed with a linear gradient (400 ml) from 0 to 0.5 m NaCl in the diluted Tris buffer mentioned. Fractions of 2.5 ml were collected. The separation for D-and L-cysteine specific desulfhydrase activity including cysteine synthase activity is shown in Fig. 2 . Active fractions were pooled, concentrated as described above to 3 ml and separated further using a Biogel A 1.5 column (1.5x75 cm) equilibrated with the same buffer as mentioned for the ACA 54 column. Frac tions of 2.5 ml were collected. Active fractions (82.5 ml to 92.5 ml) were pooled ( Fig. 3 ) and used as the purified enzyme source. By this procedure a 109-fold purification of the D-cysteine specific sulfhydrolase was obtained from Chlorella with a yield of 10% (Table I) .
Determination o f cysteine degradation
This activity was determ ined by the release of sulfide from cysteine. The assay system contained in micromoles in a total volume o f 1 ml: Tris-HCl pH 9.0, 100; D-or L-cysteine, 0.8; DTE, 2.5, and enzyme as needed. After 30 min at 37 °C the reac tion was terminated by adding acidic p-methyl- amine and FeC l3 [3] . M ethylene blue form ation was determined at 670 nm in a Beckman DU-7 spectral photom eter using a m illim olar extinction coefficient of 28 [4] ,
Pyruvate determination
Pyruvate form ation was followed by the lactate dehydrogenase method using LDH from pig (Boehringer 127221) and NADH [5] ,
Ammonia determination
Ammonia was determ ined using the phenol nitroprusside test from Sigma (solution 640-1 and 640-3) following the procedure supplied by Sigma.
Protein determination
Protein was determ ined by the Coomassie Bril liant Blue G-250 dye-binding m ethod of Bradford [6] using the dye reagent supplied by Biorad. 
Chromatofocussing technique
The chromatofocussing set o f Pharm acia Fine Chemicals (Freiburg) was used following the in structions supplied. Separation was achieved using the PBE94 gel and a pH separation from 7 to 4: 10 ml of the gel was used. Since enzyme activity was lost at low pH-buffers, crude extract was used for the iso-electric point determ ination and enzyme activity was measured im mediately after the run was terminated. The column was run at 4°C and the pH measurements were m ade at the same temperature.
Results
Crude Chlorella extracts formed enzymatically sulfide from either d-or L-cysteine; however the rate of sulfide released varied between L-and D-cysteine when the cystein concentrations were varied (Fig. 4) . This suggested that different enzyme systems could be involved for d-and L-cysteine catabolism in this alga sim ilar to results obtained for spinach previously [4, 7] , Therefore the purifica tion scheme developed for the spinach system was Table II ; however 2 mM DTE was included; 1.7 mg o f crude protein extract was used.
tested for the Chlorella proteins and a 109-fold purified protein fraction obtained as described in materials and methods was used for the charac terization of this enzyme.
Isoelectric point o f the D-cysteine desulfhydrase
The isoelectric point of the D-cysteine desulf hydrase was determ ined using a chromatofocussing technique [8] , Since this enzyme was very unstable at pH values around 5 and below, crude extract was used to determine the isoelectric point as shown in Figure 5 . The protein determ ined as D-cysteine desulfhydrase activity is eluted by this procedure according to its isoelectric point at the resulting pH. Thus the apparent isoelectric point for the Chlorella enzyme was found to be around 4.5, whereas the cysteine synthase eluted at a pH of 6.0 (data not shown).
pH-optimum fo r the D-cysteine desulfhydrase
The pH optim um for sulfide production from D-cysteine was found to be around 8.5 to 9 ( Figure 6 ). For routine measurements a pH of 9 was used.
Time and protein dependence o f the D-cysteine desulfhydrase
The data of Fig. 7 and 8 dem onstrate that the desulfhydrase activity is linear over the 30 min period used for routine assays and the rate was linear up to 20 jag of purified protein.
K^-determination fo r D-cysteine
The K m for D-cysteine was determined from the data shown in Fig. 9 . The apparent A^w as found to be 0.16 mM for D-cysteine; no activity was found with L-cysteine.
Substrate specificity and influence o f thiols and salts
The specificity of this purified enzyme fraction was tested with sulfide production from different thiols. These data are summarized in Table II . It is evident that only D-cysteine reacts with this enzyme preparation; there was no activity in the presence of other thiols including L-cysteine and d-and Lcystine, as well as some other L-cysteine derivatives. Certain metals at 2 mM concentration inhibited this activity (Ni, Fe, Zn), whereas others such as Mg, Ca, Na, or K did not inhibit this reaction. The enzyme was active without addition of monovalent or di valent metals and chelating agents did not inhibit (Table III) . Addition of DTE enhanced this activity to about 150% (Fig. 10 ) of the control.
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Products form ed
The D-cysteine desulfhydrase activity was ana lyzed for the possible formation of pyruvate and ammonia besides sulfide. These data are sum marized in Table IV . It is evident that the sulfide formed is much higher than pyruvate or am m onia formed, suggesting that other products not found by this technique are formed as well.
Discussion
Chlorella fusca strain 211-8 b will grow on Dcysteine as only sulfur source [1] . This indicated clearly that this organism was capable to handle D-cysteine in such a manner that the sulfur require ments for protein synthesis (L-cysteine) and sulfo lipid formation (oxidation to R -S 0 3H) are pos sible. A D-cysteine specific desulfhydrase activity had been isolated from spinach leaves [4] , Therefore the possibility that such an enzyme was present in Chlorella cells as well was investigated using the analytical methods developed for the spinach enzyme. The data of this publication clearly dem on strate that a D-cysteine specific desulfhydrase is present in Chlorella fusca and a 109-fold purifica tion of this desulfhydrase activity was achieved as shown in materials and methods. DEAE-cellulose chromatography separated between D-cysteine specific and L-cysteine specific desulfhydrase activi ties. It is evident from Fig. 2 that the L-cysteine specific desulfhydrase activity and cysteine synthase activity cochrom atographed on the DEAE-cellulose column, which suggests that H 2S release from L-cysteine could be possible with the cysteine syn thase by interm ediate formation o f an aminoacrylic acid and addition of L-cysteine instead of H 2S for the back reaction, which would be in accord for the data of isotopic exchange reactions obtained for the chlorella enzyme previously [11] , The D-cysteine desulfhydrase from spinach eluted before the lcysteine specific desulfhydrase and cysteine syn thase, whereas with the Chlorella system the oppo site behaviour was found, i.e. the cysteine synthase and L-cysteine specific desulfhydrase activities eluted before the D-cysteine desulfhydrase. Cysteine synthase and D-cysteine desulfhydrase from Chlo rella could be separated also by the chromatofocussing technique where the cysteine synthase was eluted at a pH of 6 and the D-cysteine desulfhydrase at a pH of 4.5, dem onstrating different apparent isoelectric points [8] . The properties o f the spinach and Chlorella D-cysteine desulfhydrases are more or less similar. The pH -optim a in both cases are found around 8.5 to 9; these enzymes were found to be specific for D-cysteine, the apparent A^w-data for D-cysteine are sim ilar (0.16 mM for Chlorella and 0 .14mM for spinach), and addition of DTE en hanced this activity to about 150% of the control [4] , N either the spinach nor the Chlorella enzyme needed metals for activity and EDTA did not inhibit. Both activities were however inhibited by Ni and Zn, probably by complexing cysteine with these metals [9] . The spinach enzyme was stable when stored at -20 °C, whereas the Chlorella enzyme lost its activity during a period of about 3 month.
The D-cysteine desulfhydrases from spinach and Chlorella did not consumpt oxygen during the release of sulfide when analyzed with a d a rk type oxygen electrode, thus this activity is not related to D-amino acid oxidases, which is in accord with our measurements that little am m onia is formed during the reaction. We are aware that an unknown com pound has to be formed during the desulfhydrase reaction, since the relation o f sulfide to am m onia and pyruvate did not follow stochiom etric relations. One possibility would be that an amino acrylic acid is formed [10] which than could react with either another thiol such as D-cysteine, EDTA or even water to give rise to the corresponding compounds. We could not detect the form ation of serine or o f another amino acid using an amino acid analyzer. Therefore a second com pound (which has to be formed besides sulfide) is unknown at present.
The D-cysteine desulfhydrase activity was not altered significantly when cells were grown on
